The photovoltaic (PV) generators are a major element of PV power systems, characterized by a low conversion ratio. This accounts for the necessity to study the current-voltage and power-voltage characteristics of PV sources in order to obtain maximum power output when there are changes both in the modules themselves and in the environment where they operate. In this paper the classical and the modified single-diode models have been used to model the electrical characteristics of PV cells and modules. Mathcad software package has been used for the modelling. The impact of solar radiation, temperature and shading both on electrical characteristics and on the PV cells and modules efficiency has been studied.
INTRODUCTION
When photovoltaic conversion is used to produce electric power, the most important condition is to provide maximum efficiency at a lower price. At present the efficiency does not exceed 24% in laboratory conditions, and 15-18% up to 20% in real conditions. Therefore, the modelling of electrical characteristics of PV cells and modules -currentvoltage (I-V) and power-voltage (P-V) is important in order to determine their efficiency. Figure 1 shows current-voltage and powervoltage characteristics of a PV cell. To evaluate effectiveness of the real PV cell, in addition to the efficiency, the fill factor (FF) is used which shows to what extent the real effectiveness of the cell, U mp .I mp approximates the idealized U oc . I sc :
where: U mp and I mp are respectively the voltage and current аt the maximum power rate point (MPP) -P mp ; U oc is the open-circuit voltage at R L = ∞; I sc is the short-circuit current at R L = 0. For the real PV cells the fill factor ranges from 0,75 to 0,85.
PV CELLS MODELING

Classical Single-Diode Model 
The most common mathematical model employed to define the PV cell current-voltage characteristics (direct and reverse) was proposed by Bishop (1988) . It is based on the equivalent circuit shown in Figure 2 Figure 4 to evaluate the model used. It can be seen that the maximum difference is obtained in the area of the maximum power point, which results in insignificant increase in the fill factor FF, calculated during modelling. For the horizontal section and for the section in the proximity of the open-circuit voltage U oc of the current-voltage characteristic, the accuracy does not differ from the accuracy of the characteristic and its parameters given in the company catalogue: 3% for I sc and 2% for U oc .
Electrical Characteristics Modelling of
Shaded PV Cells
The generated current, i.e. power, respectively, is in direct relation with solar radiation.
When the solar cell or part of it is shaded, its current-voltage characteristic changes [2]. This effect is described mathematically by the so called shading factor S sh :
where: Ē is the average value of solar radiation falling on the shaded solar cell; Е 0 is the value of solar radiation falling on the nonshaded solar cell.
Figure 4. Comparison of Modelled characteristics to the Catalogue Current-Voltage Characteristics of 125 х 125 mm Main Cell under STC
If we assume that the photocurrent I ph of the PV cell is approximately equal to its short-circuit current I sc :
then, taking into account that E C I sc 0 0  , the equality obtained for photocurrent is:
where: I sc0 is the short-circuit current of the non-shaded cell; C 0 is the conversion coefficient [A.m 2 /W]. Then taking into account the shading factor S sh , the expression (3) in Mathcad takes the form: In order to implement the models described above, it is necessary to introduce the physical parameters of the photovoltaic cells and modules as input data; however, they are not always provided by the manufacturers. Therefore, a simplified model can be used with adequate accuracy, which needs fewer input data which are always provided by the manufacturers and are the key electrical parameters of PV cells and modules: I mp , U mp , I sc , U oc . The principal equation for this model is [4]: 
where: α and β are the temperature change coefficients, respectively, of temperature T and radiation E. The employment of classical and modified single-diode models for modelling the electrical characteristics of PV cells and PV modules, respectively, has been shown. Modelling has been performed both under standard test conditions, and with changes in temperature, solar radiation and shading. The model characteristics obtained reflect exactly the effect of these parameters. When the classical single-diode model was used a larger inaccuracy appears in the maximum power point area, than when using the modified one. The key electrical parameters of the PV cells studied, as well as the fill factor of the PV cells and PV modules modelled have been determined. Сажетак: Фотонапонски (ФН) генератори главни су елемент ФН електросистема; карактерише их низак коефицијент конверзије. Ово оправдава потребу за изучавањем струјно-напонских и снага-напонске карактеристике ФН извора како би се добила максимална излазна снага када дође до промјена и у самим модулима и у окружењу у којем раде. У овом раду коришћени су класични и модификовани модели са једном диодом за моделовање електричних карактеристика ФН ћелија и модула. За моделовање је коришћен Mathcad софтверски пакет. Изучавани су утицај сунчевог зрачења, температуре и засјењавања на електричне карактеристике и на ефикасност ФН ћелија и модула. Copyright © 2006 IFAC Кључне ријечи: електричне карактеристике, модел са једном диодом, моделовање, ефикасност.
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